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$D=[\mathrm{O}, L]^{3}$ , $D$
. $u(\vec{x}, t)$ .
2.1
$L$ $[0, L]^{3}$ 3
( . ) Fourier 1
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$j$ $arrow \mathfrak{F}*\wedge$ $\theta^{-}-\int\triangleright$ 0,1,2, $\ldots$
$\epsilon=\xi+2\eta+4\zeta$ $\mathrm{g}\mathfrak{B}^{r}\mathrm{f}\not\leqq$ $\xi$ , $\eta$ , $\zeta\in$ $\{0, 1\}$ (Figure. 1 $\#_{\nearrow//},.ffl_{\iota\backslash }$ )
$l^{\neg}=(l_{x}, l_{y}, l_{z})$ $(_{\underline{\mathrm{t}}L}"\ovalbox{\tt\small REJECT}\llcorner$ $l_{x}$ , $l_{y}$ , $l_{z}=0,1_{\dot{J}}\ldots.,2^{j}$ –1, $(j f\mathrm{J}_{\mathrm{B}}^{\Phi}5_{\mathrm{R}}\S\wedge F-\mathit{1}\nu\sigma\supset\backslash ,\beta_{\mathrm{J}\backslash \backslash \mp}\backslash -)$
$\sigma$




$\psi_{j\epsilon\tilde{l}\sigma}(\vec{x})$ $:=$ $\frac{1}{\sqrt{2^{3j}}}$ $\sum$ $\hat{\psi}_{\xi}(\frac{k_{x}}{2^{j}})\hat{\psi}_{\eta}(\frac{k_{y}^{\wedge}}{2^{j}})\hat{\psi}_{\zeta}(\frac{k_{z}^{\wedge}}{2^{j}})$
$\vec{k}\in \mathbb{Z}^{3}\backslash \{\vec{0}\}$
$\cross\frac{e_{\theta}(\vec{k})+i\sigma e_{\varphi}(\vec{k})}{\sqrt{2}}\exp\ovalbox{\tt\small REJECT}^{2\pi i\vec{k}}\cdot(\frac{\vec{x}}{L}-\frac{\vec{l}}{2^{j}})\ovalbox{\tt\small REJECT}$ ,
$j,$ $\epsilon,\vec{l,}\sigma$ Table.l ,
$\vec{k}=(k_{x}, k_{y}.,, k_{z})\in \mathbb{Z}^{3}$ , $\hat{\psi}_{0},\hat{\psi}_{1}$ 1 , 1
Fourier , $e_{\theta},$ $e_{\varphi}$ $\theta-$ , \mbox{\boldmath $\varphi$}\mbox{\boldmath $\varphi$}
. kzk $e_{\theta},$ $e_{\varphi}$ ,
:
$e_{\varphi}(^{-}):=\{$








Meyer [8] . 1
$\hat{\psi}_{0}(\xi.):=\{$
1for $0\leq\xi\leq 1/3$ ,
$f(\xi)$ for $1/3\leq\xi\leq 2/3$ ,
0for $\xi\geq 2/3$
(3)
($\xi<0$ $\psi_{0}(-\xi)=\psi_{0}(\xi)$ ). $f(\xi)$ $f(1/3)=$
$1$ , $f(2/3)=0,$ $|f(\xi)|^{2}+|f(1-\xi)|^{2}=1$ .
$f(\xi)$ :
$f( \xi)=\frac{g(3\xi-1)}{\sqrt{|g(3\xi-1)|^{2}+|g(2-3\xi)|^{2}}}$, $g(x)= \exp(-\frac{1}{1-x^{2}})$ . (4)
1 Fourier : $\hat{f}(\xi):=\frac{1}{L}\int_{0}^{L}f(x)\exp(-\frac{2\pi i\xi x}{L})\mathrm{d}x$ . $3$ Fourier
g)\not\in 3 . $f(x):= \sum_{\xi\in \mathrm{Z}}\hat{f}(\xi)\exp(\frac{2\pi i\xi x}{L})$ .
2 (multiresolution approximation, MRA) .
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Figure. 1 $\epsilon$ Fourier . 3 1
, 7
. 7 Fourier
. Slested( ) .
. :(1) 3 ; (2)
3 . $\{u;u\in X([0_{j}L]^{3})_{1}\exists a\mathrm{s}.\mathrm{t}$. $u=$
$\nabla\rangle\langle a$ } ;(3) ; (4) $\mathrm{M}\mathrm{e}\mathrm{y}^{r}\mathrm{e}\mathrm{r}$ –
, 3: $\mathrm{s}\mathrm{u}\mathrm{p}\mathrm{p}(\psi)=[0, L]^{3}$ .
2.2
$u(\vec{x}\grave,t)$




























2.3 Navier-Stokes $\ovalbox{\tt\small REJECT}_{\cong}^{-}$ $F$
$\mathrm{N}\mathrm{a}_{1}\mathrm{v}\mathrm{i}\mathrm{e}\mathrm{r}$-Stokes (NSE) :
$\frac{\partial u}{\partial t}=-(u\cdot\nabla)u-\nabla P+l/\triangle u$, $P( \vec{x})=\frac{1}{4\pi}\int\frac{(\nabla\cdot[(u\cdot\nabla)u])_{\vec{y}}}{|\vec{x}-\vec{y}|}\mathrm{d}^{3}\vec{y}$. (11)
Eq.(6) Eq.(ll) ,
, . (dynamical system)
:
$\frac{\mathrm{d}u_{\lambda}(t)}{\underline \mathrm{d}t}=\sum\langle\psi_{\lambda}|\psi_{\alpha}|\psi_{\beta}\rangle u_{\alpha}(t)u_{\beta}(t)+\iota/\sum\langle\psi_{\lambda}|\triangle|\psi_{\beta}\rangle u_{\beta}(t)$ (12)
$4\psi_{j\epsilon\vec{l}\sigma}(\vec{x})$ ,$7_{\mathrm{A}^{1}}\fallingdotseq \mathrm{r}4$ , ff‘\pm o . $u_{j\vec{l}}\langle\vec{x},$ $t$ )
,
$\oint$ uj (x , $t$ ) $\cdot u_{k\vec{m}}(\overline{x}, t)\mathrm{d}\vec{x}=\delta_{jk}\delta_{l_{\mathrm{J}}m_{J}}.\delta_{l_{7J}m_{y}}\delta_{l_{\approx}m_{z}}$ ,
$\delta$ Kronecker . , $u_{j\overline{l}}\langle\vec{x},$ $t$ ) ,
. $u_{j\vec{l}}(\vec{x}, t)$ 8
) .
5







$\langle a|b|c\rangle:=-\int a(\vec{x})\cdot[(b(\vec{x})\cdot\nabla)c(\vec{x})]\mathrm{d}^{3}\tilde{x}$, $\langle a|\triangle|c\rangle:=\int a(\vec{x})\cdot(\triangle c(\vec{x}))\mathrm{d}^{3}\vec{x}$. (13)






7 , $E(t)$ 0
:
( $\lambda,$ $\beta$ )
$\sum_{\lambda,\alpha,\beta}\langle\psi_{\lambda}|\psi_{\alpha}|\psi_{\beta}\rangle u_{\lambda}(t)u_{\alpha}(t)u_{\beta}(t)$
$=$





$=$ $0$ . (16)
6 12 $\mathrm{N}\mathrm{S}\mathrm{E}$ Fourier
. . .
Levi-Civita .
2: from-mode by-mode to-mode by-mode
(from-, by-, to- ). 2 .
( ) , from-mode by-mode to-mode
. (to-mode from-, by-m ode Beltrami $\nabla \mathrm{x}\psi||\psi$





7 Eq (13) ,
. Eq (15) $c$
$\langle\psi_{\lambda}|\psi_{\alpha}|\psi_{\beta}\rangle:=\langle\psi_{\lambda}|c[\nabla\cross(\psi_{\alpha}\mathrm{x}\psi_{\beta})]+c[\psi_{\alpha}\mathrm{x}(\nabla \mathrm{x}\psi_{\beta})]+(c-1)[(\nabla \mathrm{x}\psi_{\alpha})\mathrm{x}\psi_{\beta}]\rangle$
. $\psi_{\alpha}=\psi_{\beta}=u$ $c$ $\langle\psi_{\lambda}|u|u\rangle:=\langle\psi_{\lambda}|u\mathrm{x}(\nabla \mathrm{x}u)\rangle$
, . Eq,(15)
Eq (16) . $c$








$\langle$ $\lambda|=\langle\psi_{\lambda}|u_{\lambda}$ , $=(\psi_{\lambda}|u_{\lambda},$ $|\lambda\rangle=|\psi_{\lambda}\rangle$ $u_{\lambda}$ .
Eq.(14) Eq.(15) :
$\frac{\mathrm{d}E_{\lambda}(t)}{\mathrm{d}t}=\sum_{\alpha,\beta}$ (\lambda |\mbox{\boldmath $\alpha$}|\beta )+( ), $\langle\lambda|\alpha|\beta\rangle+\langle\beta|\alpha|\lambda\rangle=0$ . (17)
$|\alpha|$ ,
$\frac{\mathrm{d}E_{\lambda}(t)}{\mathrm{d}t}=\sum_{\beta}(\lambda|u|\beta)+$ ( $*$A’r\not\subset ), $\langle\lambda|u|\beta\rangle+\langle\beta|u|\lambda\rangle=0$ . (18)
. :
$\frac{\mathrm{d}E}{\mathrm{d}t}$ $=$
$\sum_{\lambda}\frac{\mathrm{d}E_{\lambda}}{\mathrm{d}t}=\sum_{\lambda}\sum_{\beta}\langle\lambda|u|$ \beta )+(+\iota \acute g’rf )
( )
$=$ $\frac{1}{2}\sum_{\lambda}\sum_{\beta}((\lambda|u|\beta)+<\beta|u|\lambda\rangle)$ +(+‘’g’r4 )
( )
$=$ ( ). (19)
$\langle\lambda|u|\beta\rangle$
$\lambda$ $E_{\lambda}$ , $\beta$
. Eq.(15) , $\lambda$ $E_{\lambda}$
$\beta$ $\beta$ $E_{\beta}$
$\lambda$ . $\text{ }\beta$ $\lambda$




from-, to-m ode ,
. ,
, from-mode $\psi_{\beta}$






. $\langle\lambda|u|\beta\rangle$ $\beta$ $\lambda$
, $\langle\lambda|\alpha|\beta\rangle$ $\beta$ $\lambda$
( $u$ ) $\alpha$ .
3
from-mode to-mode
$\langle j, l\rceil u|k,\vec{m}\rangle:=-\int u_{j\overline{l}}\langle\vec{x},$ $t$ ) $\cdot[(u(\vec{x}, t)\cdot\nabla)u_{k\vec{m}}(\vec{x}, t)]\mathrm{d}\vec{x}$ (20)
9. $u_{j\vec{l}}$
, $\mathrm{N}8\mathrm{E}(\mathrm{E}\mathrm{q}.(11))$ $\int u_{j\vec{l}}\cdot\nabla P\mathrm{d}\vec{x}$
. ,
$E_{J^{\overline{l}}}-\{t$) :
$\frac{\mathrm{d}E_{\overline{J}^{l}}\prec}{\mathrm{d}t}=\sum_{k^{\wedge},\vec{m}}\langle j,\vec{l|}u|k$ , m\rightarrow )+(+‘’gJ $\square$4 ). (21)
by-mode
. ($j,\vec{l)}$ $(k,\vec{m})$ $\langle j,\vec{l|}u|k,\vec{m}.\rangle$ ( )
($j,\vec{l)}$ $\langle$ $k,\vec{m}|u|j$ , $\vec{l\rangle}$ , :
$\langle j,\tilde{l|}u|k,\vec{m}\rangle+\langle k,\vec{m}|u|j,\vec{l\rangle}=0$ . (22)
Eq.(22)
, ( ) ($j,\vec{l)},$ $(k,\vec{m})$
.
$j=4,5$ 10, $\langle 5, \vec{l|}u|4,\vec{m}\rangle$
$\vec{m}/2^{4}$ $L/2^{4-1}$
, $\dot{l/}2^{5}$ $L/2^{5-1}$ ( 1/2 ipE
) ( ) $\langle 4, l|u|4,\vec{m}\rangle\prec$
$\vec{m}/2^{4}$ $L/2^{4-1}$
9 $\partial_{t}+u\cdot\nabla$ Galilei ,
by-mode . $\{\phi_{\lambda}\}$
$u(x^{\prec}, t)=\Sigma_{\lambda}u_{\lambda}(t)\phi_{\lambda}$ , Galilei (Galilean boost) $\overline{x}arrow\overline{x}’=\vec{x}+Ut,$ $tarrow t’=t$
$u(\vec{x}, t)arrow u’(\overline{x}’, t’)=u(\vec{x}, t)+U$ ,







) . $[0, L]^{3}$ –
, $[0, L/4]^{3}$ .
( $\mathrm{F}\mathrm{i}\mathrm{g}\mathrm{u}\mathrm{r}\mathrm{e}.3$ ).
, $\vec{l|}u|k$ , $\vec{m}\rangle$ .
200 11.
( ) from-mode $((m_{x}+ \frac{1}{2})/2^{k},$ $(m_{y}+$
$\frac{1}{2})/2^{k},$ $(m_{z}+ \frac{1}{2})/2^{k})$ , ( $\text{ }$ $f$ ) to-mode



















Figure. 3 ( ) , ( )
$($ 1/4 $)^{}$ . 5% .
3.2
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appendix:
(1) $\tilde{x}=(\vec{m}/2^{j})L$ ,




\psi j\epsilon =(x\rightarrow )+( #’-5’r4 ).
(3) $\grave{;}\backslash \mathrm{p}_{\mathrm{I}\mathrm{L}}\mathrm{I}\ovalbox{\tt\small REJECT}$ $f^{\tau_{\backslash }^{-}}+\text{ ^{}\prime}\backslash N_{j\epsilon\vec{l}\sigma}^{(k,m^{rightarrow})}(t)$ $\mathrm{p}_{\mathrm{x}}\pm_{\ovalbox{\tt\small REJECT}^{\mathrm{B}}}$ $u_{j\epsilon\vec{l}\sigma}(t)$
, :
$\langle_{J}$ , $\vec{l|}u|k$ , $\rangle$ $= \sum_{\epsilon}\sum_{\sigma}u_{j\epsilon\vec{l}\sigma}(t)N_{j\epsilon\vec{l}\sigma}^{(k,\vec{m})}(t)$ .
, from-mode .
